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WIND-TUNNEL INVESTIGATION OF STATIC AERODYNAMIC 

~ 

CHARACTERISTICS OF A 1/9-SCALF, MODEL OF A 

I By David S. Shaw and Kenneth L. Turner 

SUMMARY 
: 1 ? ? 6  

An investigation has been conducted in the Langley Unitary Plan 
wind tunnel to determine the static aerodynamic characteristics of a 
1/9-scale model of a Project Mercury capsule at Mach numbers from 1.60 
to 4.65. 
positive stability near an angle of attack of 0' for all test Mach num- 
bers. 
nonlinear, however, and unstable characteristics are definitely shown 
at high angles of attack. The exit configuration trims with negative 
stability near an angle of attack of Oo at Mach numbers from 1.60 
to 3.94. 
characteristics. The reentry configuration trims with positive stabil- 
ity near an angle of a t tack  of Oo f o r  all t e s t  Mach numbers. 

The results show that the escape configuration trims with 

The pitching-moment curves near an angle of attack of Oo are 

At a Mach number of 4.63, however, the capsule exhibits stable 

INTRODUCTION 

Numerous wind-tunnel investigations have been performed by the 
National Aeronautics and Space Administration on blunt, nonlifting 
bodies which could be used as reentry vehicles. (For example, see 
refs. 1 to 6,) Results of these tests have aided in the development 
of a reentry capsule designed to carry man into space and return. 
This development program has been designated "Project Mercury." The 
stability characteristics of this capsule must be known; consequently, 
wind-tunnel investigations from subsonic to hypersonic speeds over a 
wide range of Reynolds numbers were conducted. As a part of these tests, 

* 
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the Unitary Plan wind tunnel of the Langley Research Center has inves- 
tigated the static aerodynamic characteristics of both the exit and 
reentry configurations at Mach numbers from 1.60 to 4.63, at angles of 
attack from -4' to 87O, and at Reynolds numbers from about 2.1 x 10 
to 3.7 x lo6. Included in this investigation are tests of the exit 
configuration with an escape system. 

6 

SYMBOLS 

The aerodynamic force and moment data are referred to the body 
axis system (fig. 1) with the origin at the center-of-gravity locations 
shown in figure 2. The symbols used are defined as follows: 

axial-force coefficient at u Oo cpafso 

cA, c 
Chamber axial force chamber axial-force coefficient, 

qs 

pitching-moment coefficient, Pitching moment 
qSd Cm 

slope of pitching-moment coefficient curve at a = Oo, c% 
acm 
-y Per deg 

S 

Tt 
U 

N o r m a l  force normal-force coefficient, 
qs 

slope of normal-force coefficient curve at a = 00, 
acN -, per deg aa 

maximum body diameter, 8.278 in. 

free-stream Mach number 

free-stream dynamic pressure, lb/sq ft 

Reynolds number based on maximum diameter and free-stream 
conditions 

maximum cross-sectional area, 0.374 sq ft 
stagnation temperature, aF 
angle of attack of model center line, deg 
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M 

1.60 
2.06 
2.87 
2.87 

4.65 
3-94 

APPARATUS AND ME'JIIODS 

Angle-of-attack range, deg 

Escape configuration Exit and reentry 
R Tt, OF 

configurations 

2.7 x lo6 125 -4 to 28 -4 to 87 
2.5 125 -4 to 28 -4 to 87 
2.4 150 -4 to 28 -4 to 87 
3.7 150 -4 to 28 -4 to 87 

2.1 175 -4 to 28 -4 to 87 
2.9 175 -4 to 28 -4 to 87 

Tunnel 

Tests were conducted in both the low and the high Mach number test 
sections of the Langley Unitary Plan wind tunnel, which is a variable- 
pressure, continuous-flow tunnel. The nozzles leading to the test sec- 
tions are of the asymmetric sliding-block type and permit a continuous 
variation in test-section Mach number from approximately 1.5 to 2.9 
in the low Mach number test section and from approximately 2.3 to 4.7 in 
the high Mach number test section. 

Model 

Drawings and dimensions of the l/g-scale test configurations are 
presented in figure 2. 
ure 3 .  
system. 
escape configuration (capsule with escape system), an exit configura- 
tion (capsule with exit face forward), and a reentry configuration 
(capsule with reentry face forward) as noted in figure 2. 

Photographs of the model are presented in fig- 
The capsule model was tested both with and without an escape 
Henceforth, the model will be referred to in terms of an 

Test Conditions 

Tests were performed at the following conditions: 

Two separate sting arrangements were required to obtain an angle- 
of-attack range from -4O to 87O. 
presented in figure 3. 

Photographs of these arrangements are 
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The dewpoint, measured a t  stagnation pressure, w a s  maintained 
below -30’ F f o r  a l l  t e s t s  t o  assure negl igible  condensation e f f e c t s .  
A l l  tests were conducted w i t h  natural  boundary-layer t rans i t ion .  

Measurements 

Aerodynamic forces  and moments were measured by means of an elec- 
t r i c a l  strain-gage balance housed within the  model. The balance, i n  
turn,  w a s  r i g i d l y  fastened t o  a sting support system. Balance chamber 
pressure w a s  measured w i t h  a s ingle  s t a t i c  o r i f i c e  located i n  the  bal-  
ance cavity.  This pressure was  used t o  obtain the  chamber axial-force 
coef f ic ien ts .  Schlieren photographs were taken a t  various model a t t i -  
tudes, Mach numbers, and Reynolds numbers. Typical schl ieren photo- 
graphs a re  presented i n  figures 4 t o  6. 

Accuracy 

Based upon ca l ibra t ions  and repea tab i l i ty  of data, it is  estimated 
t h a t  the various measured quant i t ies  are  accurate within the following 
limits : 

CA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ko.020 
CA,c . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ko.001 

c,. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ko.005 
C N . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ko.ox> 
M 1.60, 2.06, 2.87, and 3.94) . . . . . . . . . . . . . . . .  kO.015 
M 4 . 6 3 ) .  . . . . . . . . . . . . . . . . . . . . . . . . . .  kO.050 
a, deg . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f0.10 
I 

Corrections 

Angles of a t tack  have been corrected f o r  both tunnel flow angu- 
l a r i t y  and def lect ion of balance and s t ing  system due t o  aerodynamic 
loads. The axial-force coeff ic ients  presented are f o r  gross values. 
Chamber a x i a l  force,  however, has been determined and i s  presented i n  
figures 7 t o  9. 

DISCUSSION 

Reynolds Number Effect 

It may be seen i n  f igures  10 t o  12 tha t  at  a Mach number of 2.87 
a change i n  Reynolds number from 2.4 x lo6 t o  3.7 x 106 has l i t t l e  o r  
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no e f f e c t  on the aerodynamic charac te r i s t ics  of any of the three t e s t  
configurations. 

Pitching Moment 

The escape configuration t r i m s  w i t h  pos i t ive  s t a b i l i t y  near an 
angle of a t tack  of Oo throughout the  t es t  Mach number range ( f i g .  13) 
and the  s t a b i l i t y  i s  e s sen t i a l ly  constant w i t h  Mach number. 
be noted, however, t h a t  the  pitching-moment curves are nonlinear near 
a = 0' 
angles of a t tack  ( for  example, beyond a = 12O at  M = 1.60). The non- 
l i n e a r i t y  of t he  pitching-moment curves near a re  seen t o  be due 
t o  the  escape system when the da t a  of figure 13 are  compared w i t h  those 
of figure 14. Figure 14, which shows da ta  f o r  the e x i t  configuration, 
indicates  l i t t l e  or  no nonl inear i ty  of the  pitching-moment curves near 
a = 00. 

It should 

and unstable charac te r i s t ics  are  de f in i t e ly  shown at  higher 

a = 00 

The da ta  i n  figure 14 show that the e x i t  configuration t r i m s  w i t h  
negative s t a b i l i t y  near an angle of a t tack  of 0' a t  Mach numbers from 1.60 
t o  3.94. A t  a Mach number of 4.65, however, t he  capsule exhibits sta- 
b l e  charac te r i s t ics .  
t r i m  w i t h  posi t ive s t a b i l i t y  a t  t h i s  a t t i t ude  since the  e x i t  face has 
no heat sh ie ld  and reent ry  a t  t h i s  a t t i t u d e  would be disastrous.)  
same condition of t r h  with posi t ive s t a b i l i t y  w a s  noted f o r  a similar 
capsule i n  reference 2 and t h i s  i s  the  reason tha t  t he  des tab i l iz ing  
device shown i n  f igure  2(b) w a s  incorporated in to  the design of the  
capsule. 
i n s t a b i l i t y .  

(It i s  undesirable t h a t  the capsule be allowed t o  

This 

This device, however, i s  seen t o  be inkdequate i n  producing 

The reentry configuration t r i m s  w i t h  pos i t ive  s t a b i l i t y  near 
a = Oo f o r  all tes t  Mach numbers as may be seen i n  f igure  15. 
break i n  the  pitching-moment curve at  an angle of a t tack  near l5O for 
M = 1.60 
may be noted a t  
i n  t h i s  same a t t i t ude .  

The 

at present cannot be explained; however, a similar occurrence 
f o r  the s i m i l a r  capsule shape of reference 2 M = 2.06 

Normal Force 

Figures 13 t o  15 show t h a t  t he  three tes t  configurations have 
pos i t ive  normal-force slopes near 
t he  var ia t ion  of these slopes with Mach number. It i s  believed tha t  
the s l i g h t  var ia t ions  of the slopes for the  reentry configuration a re  
primarily the  r e s u l t  of inaccuracies i n  measuring the  small normal- 
force values near a = Oo.  

a = Oo. The da ta  of figure 16 show 

CONFIDENTIAL 



6 
............... ....... . . . . . . . . . . . . . . . .  ........ . . . . . . . . .  . . . .  ...... : :C&mNna.: ... ..: *.: 

Axial Force 

The axial-force coefficients shown in figures 13 to 15, in general, 
exhibit the same trends with angle of attack, regardless of Mach number, 
for each of the three test configurations. 
force coefficients near 
configuration. (See fig. 15.) For this condition the axial-force coef- 
ficients are considerably lower than expected, based on the data at the 
other Mach numbers. 
limited data available. With this exception, the reentry configuration 
shows little change in axial-force coefficients near a = 0' with Mach 
number in the test Mach number range. Figure 16 also 
shows that the axial-force coefficients near a = Oo for the escape 
and exit configurations decrease with increase in Mach number. 

An exception is the axial-. 
a = 0' at a Mach number of 1.60 for the reentry 

The reason for this cannot be explained with the 

(See fig. 16.) 

CONCLUSIONS 

A wind-tunnel investigation has been conducted in the Langley 
Unitary Plan wind tunnel to determine the static aerodynamic character- 
istics of a 1/9-scale model of a Project Mercury capsule at Mach num- 
bers from 1.60 to 4.65. The results of these tests indicate the fol- 
lowing conclmions: 

1. The escape configuration trims with positive stability near an 
angle of attack of Oo fo r  all test Mach numbers. 
curves near an angle of attack of 0' are nonlinear, however, and unstable 
characteristics are definitely shown at high angles of attack. 

The pitching-moment 

2. The exit configuration trims with negative stability near an 
At a Mach angle of attack of Oo for Mach numbers from 1.60 to 3.94. 

number of 4.63, however, the capsule exhibits stable characteristics. 

3 .  The reentry configuration trims with positive stability near 
an angle of attack of Oo for all test Mach numbers. 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Field, Va., March 2, 1960. 
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a = - 4 O  t o  4 7 O  

L-59-2794 

a = 47O t o  87O 

(b) Exit configuration. 

Figure 3.- Continued. 

L-59-2793 
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a =  -4  t o  47O 

L-5 9- 2797 

a = 470 t o  a70 

(c ) Reentry configuration. 

Figure 3.- Concluded. 
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Figure 7.- Chamber axial-force coefficients of escape conf'iguration. 
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Figure 8.- Chamber axial-force coefficients of the exit configuration. 
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Figure 9.- Chamber axial-force coefficients of the reentry configuration. 
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Figure 10.- Effect of change in Reynolds number on the aerodynamic char- 
acteristics of the escape configuration. M = 2.87. 
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Figure 11.- Effect of change in Reynolds number on the aerodynamic char- 
acteristics of the exit configuration. M = 2.87. 
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Figure 12.- Effect of change in Reynolds number on the aerodynamic char- 
acteristics of the reentry configuration. M = 2.87. 
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Figure 13.- Aerodynamic characteristics of the escape configuration. 
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Figure 14. - Aerodynamic characteristics of the exit configuration. 
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Figure 15.- Aerodynamic characteristics of the reentry configuration. 
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Figure 16.- Summary of stability and axial-force characteristics. 

NASA - Langley Field, Va. L-883 
CONFIDENTIAL 


